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Abstract 

Background: Both temperature and humidity may independently or jointly contribute to the risk of influenza 
infections. We examined the relations between the level and decrease of temperature, humidity and the risk of 
influenza A and B virus infections in a subarctic climate. 

Methods: We conducted a case-crossover study among military conscripts (n = 892) seeking medical attention due 
to respiratory symptoms during their military training period and identified 66 influenza A and B cases by PCR or 
serology. Meteorological data such as measures of average and decline in ambient temperature and absolute 
humidity (AH) during the three preceding days of the onset (hazard period) and two reference periods, prior and 
after the onset were obtained. 

Results: The average temperature preceding the influenza onset was -6.8±5.6°C and AH 3.1 ± 1.3 g/m^. A 
decrease in both temperature and AH during the hazard period increased the occurrence of influenza so that a 
rC decrease in temperature and 0.5 g decrease per m^ in AH increased the estimated risk by 1 1% [OR 1.1 1 (1.03 to 
1.20)] and 58% [OR 1.58 (1.28 to 1.96)], respectively. The occurrence of influenza infections was positively associated 
with both the average temperature [OR 1.10 per TC (95% confidence interval 1.02 to 1.19)] and AH [OR 1.25 per g/m^ 
(1.05 to 1.49)] during the hazard period prior to onset. 

Conclusion: Our results demonstrate that a decrease rather than low temperature and humidity per se during the 
preceding three days increase the risk of influenza episodes in a cold climate. 
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Background 

Respiratory tract infections (RTI) are the most common 
infections worldwide, and hence pose a considerable eco- 
nomic burden to healthcare services. There is substantial 
evidence on the seasonal variation of respiratory morbidity 
and mortality, which results in increased use of health ser- 
vices and hospital admissions during the winter months 
[1]. Influenza epidemics constitute a serious public health 
problem associated with increased morbidity and mortal- 
ity, especially in high risk populations. Worldwide, these 
annual epidemics result in about three to five million cases 
of severe illness, and about 250 000 to 500 000 deaths [2]. 
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Seasonal variation of Influenza A and B outbreaks is a 
well-known phenomenon and it explains a substantial 
proportion of excess winter morbidity and mortality [3]. 

Meteorological parameters, in particular temperature 
and humidity, may contribute to the observed seasonal 
variation in the occurrence of influenza episodes. Studies 
from temperate and tropical climates have demonstrated 
that low temperature [4] and humidity increase the risk 
of seasonal influenza onset in the winter [5-8]. Low 
temperature and dry air was recently reported to in- 
crease influenza and pneumonia mortality [9]. Further- 
more, experimental studies have shown that both low 
temperature and humidity favor the spread of influenza 
viruses [10-13]. Although surrounded by controversy, 
available scientific evidence suggests that either inhalation 
of cold air or cold stress cause pathophysiological re- 
sponses that may contribute to an increased susceptibility 
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to viral infections [14]. Low humidity and influenza, on 
the other hand, may be connected through changes in the 
virus stabihty and transmission [13]. 

The association between temperature, humidity and 
the occurrence of influenza has remained unclear. Our 
previous study conducted in a northern climate demon- 
strated that the occurrence of respiratory tract infection 
is associated with both low temperature and humidity 
[15]. However, to our knowledge; no corresponding stud- 
ies examining the association between influenza virus in- 
fections, temperature and humidity have been conducted 
in cold climates with subfreezing temperatures. The ob- 
jective of the present study was to examine the relations 
between temperature, humidity and the risk of influenza 
virus infections in a subarctic climatic zone in Northern 
Finland. For this purpose, we conducted a case-crossover 
study among young army conscripts during their military 
training period. Our hypothesis was that decreased daily 
temperature and humidity during outdoor training and 
associated with physical exercise would increase the risk 
of influenza A and B virus infection. 

Methods 

Study subjects 

The study population included 892 military recruits 
(mean age 19.6 ± 0.8 years) from the two intake groups 
enrolling in military service in July 2004 and in January 
2005 in the Kajaani garrison in northern Finland (64°N, 
27°E). The follow-up period was from July 2004 to the 
end of December in 2005. The total number of men in 
the intake group was 1,836 in July 2004 (participation 
82%) and 1,861 in January (75%). Both intake groups 
served part of their military training during the winter 
season. 

Ethics statement 

The study protocol was approved by the Medical Ethics 
Committee of the Kainuu Central Hospital. The conscripts 
were described of the study, the performed assessments, 
possible inconvenience, the confidentiality and storing of 
data both in written and oral form. In addition, they were 
informed that participation is voluntary and that they can 
discontinue their participation at any time. In addition, it 
was clearly indicated that all potential participants who 
declined to take part of the study were eligible for treat- 
ment and were not disadvantaged in any other way by not 
participating. The conscripts provided their written con- 
sent following this information. 

Identification of cases and diagnosis of influenza A and B 

This study focussed on influenza A and B cases, because 
they can be identified on the basis of severe symptoms 
which lead to a contact with medical service. Influenza 
A and B also have similar seasonal variation indicating 



identical environmental determinants of the onset. Influ- 
enza C was excluded because of milder and more vari- 
able symptoms compared with influenza A and B as well 
as different type of seasonal pattern which indicates 
different environmental causes. 

Conscripts who sought medical attention for acute re- 
spiratory infections at the military primary health care 
clinic of the Kainuu Brigade were assessed initially by a 
nurse and then examined by a physician for diagnosis 
and treatment, if considered necessary. They were also 
asked to fill in a questionnaire assessing outdoor training 
and symptoms during the three preceding days. At that 
time sputum (n = 379) samples were collected. In addition, 
acute and convalescent serum samples were obtained (n = 
520 pairs). The diagnosis of influenza was based on a posi- 
tive PCR test or a significant increase in influenza A or B 
antibodies in paired serum samples. 

Nucleic acids were extracted from 100 |il of sputum 
sample. Viral RNA was reverse transcribed into cDNA 
and influenza A and B viruses were detected by amplify- 
ing cDNA in real-time multiplex PCRs [16]. Serum sam- 
ples were tested for IgG antibodies to influenza A, and B 
viruses by enzyme immunoassay using extracts of Madin 
Darby canine kidney cells (MDCK) infected with either 
influenza A/Beiiing/353/89, or influenza B/Panama/45/ 
90 viruses, respectively. Uninfected MDCK cells were 
served as control antigen. A fourfold or greater increase in 
antibody titers between acute- and convalescent-phase 
sera was considered significant. 

Exposure assessment and measures 

Exposure assessment was based on meteorological data 
obtained from the Kajaani Airport Meteorological Station; 
the nearest station of the Finnish Meteorological Institute 
located approximately 15 km from the garrison. Average 
daily temperature and absolute humidity (AH) were calcu- 
lated based on eight separate measurements conducted at 
three-hour intervals per day. In addition, an average of the 
three preceding days (e.g. a 72 h period) from the visit to 
the clinic (day 0) were calculated and used in the regres- 
sion models (see below). We also separately examined the 
maximal changes, as well as the starting level from where 
temperature and AH changed. A maximum decline in 
temperature and AH was calculated as the largest change 
(maximum versus minimum) occurring in these parame- 
ters within the three day period (e.g. day -3 versus day -2, 
day -3 versus day -1, day -2 versus day -1 etc.). The me- 
teorological conditions of the day the conscripts visited 
the clinic for influenza were not included to the analyses. 

Statistical analyses 

The present study utilized a case-crossover design which 
is most suitable for studying relations with the following 
characteristics: 1) the individual exposure varies within 
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short time intervals; 2) the disease has abrupt onset and 
short latency for detection; and 3) the induction period 
is short [17]. For ambient temperature and AH the hazard 
period was defined as three days preceding the visit to the 
clinic for a respiratory infection (and when virological 
samples were collected) on the basis of the estimated incu- 
bation period of 1-2 days for influenza [18]. A symmetric 
bidirectional selection of two reference periods shortly 
before and after the hazard period was utilized [19]. 
This means that for temperature and humidity, three- 
day periods seven days before and after the visit to the 
clinic for influenza were used in the models. This type 
of symmetrical selection of reference periods controls 
for temporal and seasonal confounding [19]. Means in 
temperature and AH between the hazard and reference 
periods were compared with one-way ANOVA. Condi- 
tional logistic regression models were used to calculate the 
exposure odds ratios (OR) for the hazard period compared 
with the reference periods. The maximal change in 
temperature and AH was adjusted for its initial level in 
the analyses. The PHREG procedure was applied using 
the discrete logistic model and forming a stratum for 
each matched set. Thus the OR represented the risk of 
the onset of influenza in relation to the level or change 
of temperature and AH. Statistical analyses were per- 
formed by SAS version 9.2. for Windows (SAS Institute, 
Inc.; Gary, NG). 

Results 

The total number of cases was 66; 57 influenza A episodes 
and 9 influenza B episodes. The incidence of influenza A 



was 105/1000 person years and influenza B 16.5/1000 per- 
son years. The symptoms preceding the identification of 
influenza started on average three days before seeking 
medical attention. 69% (45/65) reported outdoor training, 
76% (33/43) physical exercise and 72% (31/43) feeling cold 
during the previous three days. 

The daily average temperature, absolute humidity and 
the number of influenza episodes during the study period 
are presented in Figure 1. As the total number of days 
with episodes was 28, we utilized meteorological informa- 
tion from a total of 84 days. During the study period the 
daily average temperatures ranged from -22.8 to +22.0°G 
and AH from 0.8 to 13.8 g/m . Most influenza cases 
occurred between January and March 2005 with only a 
few episodes occurring during the autumn months. 

Figure 2 demonstrates mean daily temperature and 
AH during the hazard and reference periods for the entire 
study population (n = 66). The figure demonstrates that 
the occurrence of influenza is preceded by decreases in 
both temperature and humidity. 

Table 1 shows the means, their average before the 
decline, as well maximal declines in temperature and 
AH separately for the hazard and reference periods. The 
mean temperature was slightly higher during the hazard 
compared to the reference periods (p < 0.05). Also, the 
maximal decline during hazard period was greater for 
both temperature and humidity compared with the ref- 
erence periods (p < 0.001). Of note, the temperature but 
not AH within the hazard period before they declined 
was also higher (p < 0.05) compared with the reference 
periods. 
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Figure 1 Incidence of influenza episodes, mean daily temperature (°C) and mean daily absolute humidity (AH) (g/m ) during the 
study period. 
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Figure 2 Mean daily temperature (°C) and absolute humidity (g/m^) during the hazard and reference periods starting 7 days before 
and after the beginning of the hazard period. Values represent means of the observed cases of influenza (n = 66). For the logistic regression 
analyses the mean temperature and AH was calculated from the three preceding days (day-3 to 0) of the onset of an influenza infection and 
similarly for the reference periods 7 days before and after the infection. A maximum decline in temperature and AH was calculated as the largest 
change (maximum versus minimum) occurring in these parameters within the three day period (e.g. day -3 versus day -2, day -3 versus day -1, 
day -2 versus day -1 etc.) and similarly for the reference periods. 



Table 2 shows the odds ratios and their 95% confi- 
dence intervals (CI) for the relations between onset of 
influenza and the average temperature, AH and their 
maximal changes. The risk of contracting influenza was 
positively associated with mean temperature and AH. A 
decrease in both temperature and AH (maximal change) 
during the three days prior to seeking medical consult- 
ation increased the risk of influenza. According to these 
results, a 1°C decrease in temperature and 0.5 g decrease 
per m'^ in AH increased the estimated risk by 11% (OR 
1.11; 95% CI 1.03 to 1.20) and 58% [OR 1.58; 95% CI 
1.28 to 1.96). There was a cluster of 13 cases during the 



same day and the impact of the cluster was assessed in the 
sensitivity analysis. The exclusion of the cluster did not 
substantially change the associations between temperature 
and humidity. However, due to the small sample size 
the confidence intervals are wider and associations non- 
significant. 

Discussion 

There is consistent evidence that wintertime cold tem- 
peratures increase respiratory morbidity and mortality 
[1,15,20,21]. We conducted a case-crossover study to as- 
sess the relations between daily temperature and humidity 



Table 1 Mean temperature and AH, their maximal declines and level preceding the decline during the hazard period 
(n = 66) prior to the onset of influenza episodes and during the reference periods either seven days prior or after the 
visit to the clinic for influenza (day 0) 



Parameter 


Hazard period 


Reference period (pre) 


Reference period (post) 


Mean temperature °C 


-6.75 ±5.50 


-7.51 ±5.54 


-9.1 7 ±5.95" 


Max temp decline °C 


5.09 ±3.26 


1.29 ±4.95 


4.75 ± 3.79'' 


Temperature level preceding the decline 


-3.5 ±5.45 


-5.58 ± 5.44 


-5.1 9 ±5.58" 


Mean AH g/m^ 


3.09 ± 1.34 


2.82 ± 1 .57 


2.57 ± 1.28 


Max AH decline g/m^ 


1.18±0.71 


043 ± 0.95 


0.58 ± 0.54*^ 


AH level preceding the decline 


3.59 ± 1.6 


3.1 3 ±2.02 


2.81 ±0.75 



Values represent mean±SD. 
one-way ANOVA, < 0.05, ^< 0.001 . 
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Table 2 Onset of influenza A and B and Its association 
with mean values and declines in temperature (per 1°C) 
and humidity (0.5 g/m^) 



Parameter 


Temperature (°C) 


Absolute humidity (g/m^) 




OR (95% CI) 


OR (95% CI) 


Mean 


1.10 (1.02 to 1.19) 


1.25 (1.05 to 1.49) 


Max decline* 


1.11 (1.03 to 1.20) 


1 .58 (1 .28 to 1 .96) 



The odds ratios (95% confidence interval) were calculated per 1°C temperature 
and per 0.5 g /m^ absolute humidity decreases. 
*adjusted for the initial level before the decline. 



and the risk of influenza infections in subarctic climatic 
zone among military conscripts. Our results indicate that 
the risk of influenza is related to a decrease in both 
temperature and humidity, but the influenza risk in gen- 
eral may be reduced at very low temperatures. This could 
be explained by the effects of temperature and humidity 
on both the micro-organisms and humans. On one hand 
the virulence of influenza is expected to be stronger near 
zero than at subfreezing temperatures, but on the other 
hand a decrease in temperature makes airways more sus- 
ceptible to the onset of respiratory infections. 

Influenza risk is reduced at very low temperatures and 
humidity 

Our novel finding was that influenza risk is reduced at 
very low temperatures. This observation is supported by 
the fact that 74% of the influenza infections occurred at a 
temperature range of +5 to -10°C (and 38% between +5°C 
to -5°C) which is not especially cold for the climate. Also 
our previous study from the same population showed that 
the occurrence of respiratory tract infections was the high- 
est when temperature was at or slightly below 0°C [15]. 
Similarly very low AH reduced the risk of influenza, which 
was demonstrated by a slightly higher AH during the haz- 
ard (3.09 g/m^) compared with the reference periods (2.82 
and 2.57 g/m^). 

Our results from subfreezing environmental conditions 
differ from previous experimental studies which have 
shown that low temperature (incubation at +21 - +24°C) 
increased the survival time and accelerated the transmis- 
sion of the influenza virus [10,12]. Lowen [13] showed that 
influenza transmission increases when guinea pigs are 
housed at low temperature (+5°C) conditions and re- 
lates this to the effect of temperature on the physical 
barriers of the host. Also low humidity may improve in- 
fluenza transmission due to altered function of the re- 
spiratory tract of the host [22,23] or enhanced stability 
of the virus particle [10-13]. Especially for conditions of 
low temperature and dry air the viability of influenza A 
is the highest when RH is below 50% [24]. Furthermore, 
in conditions of low absolute humidity (such as in a 
cold climate) droplet nuclei are small sized and remain 
airborne for extended periods of times increasing the 



opportunity for transmission of pathogens they carry 
and favouring the spread of influenza [25-28]. 

The reason why we observed a reduced risk of influenza 
at low temperature and AH could indicate that the optimal 
temperature and humidity for the viability, transmission 
and replication of influenza occurs at higher environmental 
temperatures and humidity levels. This assumption is sup- 
ported by a recent epidemiologic study from US which 
showed that influenza mortality increased when AH 
decreased below 6 g/kg and peaked when temperature 
was -1.1°C [29]. Though, this study used monthly 
means in their data analyses instead of daily averages 
used in the present study. 

A decline in temperature and humidity increases the risk 
of influenza 

We observed that a decrease in temperature and AH 
increased the risk of influenza. For temperature the risk 
was associated with a higher initial levels before the 
decline. This seemingly contradictory finding could be 
explained by a novel idea: we should consider the effects 
of temperature on the viral agent separately from that of 
the host. Higher temperatures approaching zero degrees 
may favour transmission and survival of the virus itself, 
but a decline in temperature and humidity may make 
the host more susceptible through body cooling and/or 
drying of the respiratory tract. 

A sudden decrease in temperature and humidity could 
be related to an increased experience of cold stress and 
altered airway function increasing the susceptibility to 
viral agents. Military wintertime training is associated 
with significant cold exposure and heavy physical exer- 
cise which could result in aggravated airway cooling and 
functional changes of the airway epithelia favouring in- 
fluenza virulence and other respiratory tract infections 
[15]. It has been suggested that even cooling of the body 
surface could elicit a reflex vasoconstriction in the nose 
and upper airways and inhibit the respiratory defence 
and convert an asymptomatic subclinical viral infection 
into a symptomatic clinical infection [14]. Alternatively, 
breathing cold air causes cooling of the upper respiratory 
tract and results in vasoconstriction [30]. Also inhaling 
larger volumes of air with low AH causes drying of the 
mucosal membrane [22], which can even lead to epithelial 
damage [23] . These effects could depress the ciliary move- 
ment in the respiratory tract and increase the susceptibil- 
ity to infections. Although no conclusive evidence exists, 
the seasonal variation in immune responses could further 
contribute to host susceptibility to infections [31]. Our 
novel finding suggests that a combination of relatively 
warmer temperature and higher humidity followed by a 
sudden decline in these meteorological parameters have 
the strongest impact on the risk of influenza. It should be 
remembered that both temperature and humidity are 
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interconnected for which it is not meaningful to evaluate 
their independent roles in the present study. 

Previous epidemiological studies on meteorological 
parameters and influenza 

To our knowledge none of the previous research asses- 
sing influenza morbidity originates from very cold cli- 
mates, such as this study. However, the association 
between temperature and humidity and the occurrence 
of influenza has been demonstrated in epidemiological 
studies examining onset [4-8] and outcomes, such as 
mortality [3,7,9,29]. 

An increased influenza risk with low air temperatures 
has been observed in temperate [4,7,9] or tropical coun- 
tries [5,32]. Furthermore, low humidity [7,9], or its de- 
crease [8] increases the occurrence of influenza. A 
recent study demonstrated that low wintertime outdoor 
AH is also reflected as reduced indoor humidity and 
could predict increased influenza virus survival [33]. An 
inverse correlation between AH and temperature was 
shown at the onset of infection in a study modeling 
influenza-like illness and weather factors from three 
European countries [34] . Mortality studies from moder- 
ate climates, such as the US have demonstrated that low 
temperature [9] and humidity [7,9] during the prior few 
weeks were associated with increased wintertime influenza- 
related mortality. Especially low AH is suggested to explain 
a larger portion of the observed mortality [6,29]. These 
studies support our finding that both temperature and AH 
are associated with the risk of influenza. However, a direct 
comparison of the results between these studies is not 
possible because of the different modes of influenza trans- 
mission between tropical, moderate or cold climates [35]. 

The significance of meteorological parameters for 
explaining the seasonality of influenza is under debate 
[36-38] and it has been suggested that temperature 
and humidity could be accessory or modulating factors 
for example in the timing of the onset of an influenza 
epidemic [3]. In addition, the importance of either 
temperature or humidity on the occurrence of influenza is 
being discussed [6,29,35]. Due to the close dependence of 
these physical quantities it may be difficult, or not even 
meaningful, to examine their independent roles. Potential 
other explanatory factors for the seasonality of influenza 
include alterations in host susceptibility (e.g. immunity), 
viral mutations, as well as the effects of weather on social 
contact patterns [39] during the wintertime which en- 
hances influenza spread. 

Strengths and limitations of the study 

We used a case-crossover design which eliminates con- 
founding by stable individual characteristics and by de- 
terminants of influenza risk including crowding and 
annually occurring respiratory infection epidemics. The 



fact that, compared to the general population, military 
conscripts are more frequently exposed to low tempera- 
tures for prolonged periods, gives additional strength to 
this study. In addition, physical exercise may aggravate 
respiratory cooling and the onset of influenza. Military 
service in Finland is mandatory for young men, and con- 
scripts thus represent the ordinary population of this age 
group. As study limitations, we were not able to control 
for person-to-person transmission, which is likely to occur 
in a military setting and would facilitate the spread of 
the virus. In principle, time progression could also be 
analysed, by using calendar time as an effect modifier, 
and could provide additional information. However, unfor- 
tunately the amount of data was not sufficient for such 
analyses. Furthermore, a non-zero reinfection probability 
would affect the transmission dynamics, but its detailed 
analysis was not possible with the current data. Clustering 
of influenza cases to a relatively narrow temperature and 
AH range could reduce the width of the confidence inter- 
vals, but would not likely affect the point estimates of the 
meteorological variables on influenza. However, we con- 
ducted a sensitivity analysis which showed a similar asso- 
ciation (not significant) after excluding the possible effect 
of an influenza epidemic. Yet, larger samples from equal 
climatic conditions and follow-up of multiple influenza 
seasons would be useful to strengthen our findings. 
One methodological limitation was due to difficulties 
in the collection of sputum samples which may lead to 
underdiagnoses of cases. Given the gap in knowledge, 
our results provided a good starting point and a priori 
hypothesis for further studies. 

Conclusions 

Wintertime influenza epidemics can cause serious public 
health and economic problems including worker absen- 
teeism and productivity losses, burdening of health care 
services due to hospitalisation, and in the worst case, 
deaths. An improved understanding of influenza virus 
transmission is of importance in order to enhance the 
accuracy of surveillance systems, to have more precise 
predictions on influenza epidemics and pandemics in the 
future, and eventually to develop better disease-control 
intervention strategies. 

In conclusion, our study suggests that a decline in 
temperature and humidity is associated with the occurrence 
of influenza infection episodes in young healthy men during 
wintertime in a subarctic climate. However, very low tem- 
peratures and absolute humidity may even reduce the oc- 
currence of influenza infections. Further studies are needed 
to confirm causality and establish threshold values between 
temperature, humidity and influenza infections. Our 
findings are important from a public health perspective 
and should be considered when planning appropriate 
cold risk management strategies. 



Jaakkola et al. Environmental Health 2014, 13:22 
http://www.ehjournal.net/content/1 3/1/22 



Page 7 of 8 



Abbreviations 

AH: Absolute humidity: OR: Odds ratio; CI: Confidence interval. 
Competing interests 

The author(s) declare that they have no competing interests. 
Authors' contributions 

KJ participated in the analyzing and interpretation of the study, drafted the 
manuscript, and is the principal author of the manuscript. AS participated in 
the analyzing and interpretation of the study and participated in writing the 
manuscript (special expertise: microbiology). JJ participated in the analysis 
and interpretation of data (special expertise: statistical analyses) and writing 
of the manuscript. FU participated in the conception and design of the study, 
implemented the experimental protocol and collection of data, participated 
in the analysis and interpretation of data and in writing the manuscript 
(special expertise: otorhinolaryngology). JK participated in the analysis and 
interpretation of data (special expertise: virological analyses) and writing of 
the manuscript. OV participated in the analysis and interpretation of data 
(special expertise: microbiology) and writing of the manuscript. TZ 
conducted the virological analyses, participated in the analysis and 
interpretation of data (special expertise: virology) and writing of the 
manuscript. ES conducted the virological analyses, participated in the 
analysis and interpretation of data (special expertise: virology) and wriring of 
the manuscript. JJK participated in the analysis and interpretation of data 
(special expertise: environmental health, case-crossover analysis) and writing 
of the manuscript. TMI participated in the analysis and interpretation of data 
(special expertise: environmental effects on human health and performance) 
and writing of the manuscript. All authors have approved the final version of 
the manuscript. 

Acl<nowledgements 

The Finnish Defense Forces are acknowledged for their contribution to the 
study. The Scientific Advisory Board of Defense provided partial funding to 
the study. The Kainuu Central Hospital is acknowledged for enabling the 
implementation of this study. Furthermore, the authors express their 
gratitude to the Finnish Meteorological Institute for providing the 
temperature data. JJ was supported by the Research Council for Health, the 
Academy of Finland, grants no. 129419 (SALVE Research Program) and 
138691. 

The KIAS-Study Group: 

Maija Leinonen, National Institute for Health and Welfare, Oulu, Finland 
Pekka Saikku, Institute of Diagnostics, Department of IVlicrobiology and 
Immunology, University of Oulu, Oulu, Finland 

Ari Peitso, Finnish Defence Forces, Centre for IVlilitary Medicine, Lahti, Finland 
Pentti Kuronen, Finnish Defence Forces, Centre for Military Medicine, Lahti, 
Finland 

Juhani Hassi, University of Oulu, Center for Environmental and Respiratory 
Health Research, Oulu, Finland 

Sylvi Silvennoinen-Kassinen, University of Oulu, Department of Medical 
Microbiology and Immunology, Oulu, Finland 

Author details 

'Centre for Military Medicine, the Finnish Defence Forces, P.O. Box 2, 
FI-17701 Lahti, Finland. ^Department of Vaccinations and Immune Protection, 
National Institute for Health and Welfare, P.O. Box 310, FI-90101 Oulu, 
Finland. ^Institute of Health Sciences, University of Oulu, P.O. Box 5000, 
FI-90014 Oulu, Finland. ''Unit of General Practice, Oulu University Hospital, 
P.O. Box 20, FI-90029 Oulu, Finland. ^Department of Otorhinolaryngology, 
Kainuu Central Hospital, Sotkamontie 13, FI-87140 Kajaani, Finland. ""Northern 
Finland Laboratory Centre (NordLab), Oulu, Finland, 'institute of Diagnostics, 
Department of Microbiology and Immunology, University of Oulu, P.O. Box 
5000, FI-90014, Oulu, Finland. ^Department of Infectious Disease Sun/eillance 
and Control, National Influenza Center, National Institute for Health and 
Welfare, P.O. Box 30, FI-00271 Helsinki, Finland. 'Center for Environmental 
and Respiratory Health Research, University of Oulu, P.O. Box 5000, FI-90014 
Oulu, Finland. '"Respiratory Medicine Unit, Department of Medicine, Oulu 
University Hospital, P.O.Box 20, FI-90029 Oulu, Finland. "Medical Research 
Center Oulu, Oulu, Finland. 

Received: 7 November 2013 Accepted: 20 March 2014 
Published: 28 March 2014 



References 

1. Mourtzoukou FG, Falagas MF: Exposure to cold and respiratory tract 
infections. Int J Tuberc Lung Dis 2007, 1 1:938-943. 

2. WHO 2009. Influenza (Seasonal), [http://www.who. int/mediacentre/ 
factsheets/fs211/en/| 

3. Reichert TA, Simonsen U Sharma A, Pardo SA, Fedson DS, Miller MA: 
Influenza and the winter increase in mortality in the United States, 
1959-1999. Am J Epidemiol 2004, 160:492-502. 

4. Tsuchihashi Y, Yorifuji T, Takao S, Suzuki E Mori S Doi H, Tsuda T 
Environmental factors and seasonal influenza onset in Okayama city, 
Japan: case-crossover study. Acta Med Oi<ayama 201 1, 65:97-103. 

5. Murray EJ, Morse SS: Seasonal oscillation of human infection with 
influenza A/H5N1 in Egypt and Indonesia. PLoS One 201 1, 6(9):e24042. 

6. Shaman J, Kohn M: Absolute humidity modulates influenza survival, 
transmission, and seasonality. Proc Natl Acad Sci USA 2009, 106:3243-3248. 

7. Shaman J, Pitzer VE, Viboud C, Grenfell BT, Upsitch M: Absolute humidity 
and the seasonal onset of influenza in the continental United States. 
PLoSBiol 2010, 8:el000316. 

8. Shoji M, Katayama K, Sano K: Absolute humidity as a deterministic factor 
affecting seasonal influenza epidemics in Japan. Tohoku J Exp Med 201 1, 
224:251-256. 

9. Davis RF, Rossier CE, Fnfleld KB: The impact of weather on influenza and 
pneumonia mortality in New York city, 1975-2002: a retrospective study. 
PLoSOne 2012, 7:e34091. 

10. Harper GJ: Airborne micro-organisms: survival tests with four viruses. 
J Hyg (Land) 1961, 59:479-486. 

1 1 . Hemmes JH, Winkler KC, Kool SM: Virus survival as a seasonal factor in 
influenza and poliomyelitis. Nature 1960, 188:430-431. 

12. Schaffer FL, Soergel MF, Straube DC: Survival of airborne influenza virus: 
effects of propagating host, relative humidity, and composition of spray 
fluids. Arch Virol 1976, 51:263-273. 

13. Lowen AC, Mubareka S, Steel J, Palese P: Influenza virus transmission is 
dependent on relative humidity and temperature. Plos Pathog 2007, 
3:1470-1476. 

14. Fccles R: An explanation for the seasonality of acute upper respiratory 
tract viral infections. Acta Otolaryngol 2002, 1 22:1 83-1 91 . 

15. Makinen TM, Juvonen R, Jokelainen J, Harju TH, Peitso A, Bloigu A, 
Silvennoinen-Kassinen S, Leinonen M, Hassi J: Cold temperature and low 
humidity are associated with increased occurrence of respiratory tract 
infections. Respir Med 2009, 103:456-462. 

16. Templeton KF, Scheltinga SA, Beersma MF, Kroes AC, Claas EC: Rapid and 
sensitive method using multiplex real-time PCR for diagnosis of 
infections by influenza a and influenza B viruses, respiratory syncytial 
virus, and parainfluenza viruses 1, 2, 3, and 4. J Clin Microbiol 2004, 
42:1564-1569. 

17. Jaakkola JJK: Case-crossover design in air pollution epidemiology. 
Eur Respir J SuppI 2003, 40:81 s-85s. 

18. Lessler J, Reich NG, Brookmeyer R, Peri TM, Nelson KF, Cummings DA: 
Incubation periods of acute respiratory viral infections: a systematic 
review. Lancet Infect Dis 2009 9:291-300. 

19. Janes H, Sheppard L, Lumley T: Reference selection strategies in case- 
crossover analyses of air pollution exposure data: implications for bias. 
Epidemiology 2005, 16:717-726. 

20. Analitis A, Katsouyanni K, Biggeri A, Baccini M, Forsberg B, Bisanti L, 
Kirchmayer U, Ballester F, Cadum E, Goodman PG, Hojs A, Sunyer J, Tiittanen 
P, Michelozzi P: Effects of cold weather on mortality: results from 15 
European cities within the PHEWE project. Am J Epidemiol 2008, 
168:1397-1408 

21 . Conlon KC, Rajkovich NB, White-Newsome JL, Larsen L, O'Neill MS: Preventing 
cold-related morbidity and mortality in a changing climate. Maturitas 201 1, 
69:197-202. 

22. Liener K, Leiacker R, Lindemann J, Rettinger G, Keck T: Nasal mucosal 
temperature after exposure to cold, dry air and hot, humid air. Acta 
Otolaryngol 2003, 123:851-856. 

23. Cruz AA, Naclerio RM, Proud D, Togias A: Epithelial shedding is associated 
with reactions to cold, dry air. J Allergy Clin Immunol 2006, 1 1 7:1 351-1 358, 

24. Yang W, Elankumaran S, Marr LC: Relationship between humidity and 
influenza A viability in droplets and implications for influenza's 
seasonality. PLoS One 2012, 7(10):e46789. 

25. Tellier R: Review of aerosol transmission of influenza a virus. Emerg Infect 
Dis 2006, 12:1657-1662. 



Jaakkola et al. Environmental Health 2014, 13:22 
http://www.ehjournal.net/content/1 3/1/22 



Page 8 of 8 



26. Brankston G, Gitterman L, Hirji Z, Lemieux C, Gardam M: Transmission of 
influenza A in human beings. Lancet Infect Dis 2007, 7:257-265. 

27. Weber TP, Stilianakis Nl: Inactivation of influenza A viruses in the 
environment and modes of transmission: a critical review. J Infect 2008, 
57:361-373. 

28. Tellier R: Aerosol transmission of influenza A virus: a review of new 
studies. J R Soc Interface 2009, 6{Suppl 6):S783-S790. 

29. Barreca Al, Shimshack JP: Absolute humidity, temperature, and influenza 
mortality: 30 years of county-level evidence from the United States. 
Am J Epidemiol 2012, 176(Suppl 7):S1 14-S122. 

30. Koskela HO: Cold air-provoked respiratory symptoms: the mechanisms 
and management. Int J Clrcumpolar Health 2007, 66:91-100. 

31. Castellan! JW, M Brenner IK, Rhind SG: Cold exposure: human immune 
responses and intracellular cytokine expression. Med Scl Sports Exerc 2002, 
34:2013-2020. 

32. Chan PK, Mok HY, Lee TC, Chu IM, Lam WY, Sung JJ: Seasonal influenza 
activity in Hong Kong and its association with meteorological variations. 
J Med Virol 2009, 81:1 797-1 806. 

33. Keep TH, Enders FT, Pierret C, Ekker SC, Krageschmidt D, Neff KL, Lipsitch M, 
Shaman J, Huskins WC: Predictors of indoor absolute humidity and 
estimated effects on influenza virus survival in grade schools. BMC Infect 
DIs 2013, 13:71. doi: 10.1186/1471-2334-13-71. 

34. van Noort SP, Aguas R, Ballesteros S, Gomes MG: The role of weather on 
the relation between influenza and influenza-like illness. J Theor Biol 
2012, 298:131-137. 

35. Tamerius J, Nelson Ml, Zhou SZ Viboud C, Miller MA, Alonso WJ: Global 
influenza seasonality: reconciling patterns across temperate and tropical 
regions. Environ hiealth Perspect 201 1, 1 19:439-445. 

36. Dowell SF, Ho MS: Seasonality of infectious diseases and severe acute 
respiratory syndrome-what we don't know can hurt us. Lancet Infect DIs 
2004, 4:704-708. 

37. Dowell SF: Seasonal variation in host susceptibility and cycles of certain 
infectious diseases. Emerg Infect DIs 2001, 7:369-374. 

38. Lofgren E, Fefferman NH, Naumov YN, Gorski J, Naumova EN: Influenza 
seasonality: underlying causes and modeling theories. J Virol 2007, 
81 :5429-5436. 

39. Willem L, Van Kerckhove K, Chao DL, Hens N, Beutels P: A nice day for an 
infection? Weather conditions and social contact patterns relevant to 
influenza transmission. PLoS One 2012, 7(1 l):e48695. doi:10.1371/journal. 
pone.0048695. Epub 2012 Nov 14. 



doi:l 0.1 1 86/1 476-069X-1 3-22 

Cite this article as: Jaakkola ef al:. Decline in temperature and humidity 
increases the occurrence of influenza in cold climate. Environmental 
Health 2014 13:22. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at \ rant,,\ 

www.biomedcentral.com/submit Biomea eencrai 



